The Influence of Recording Equipment on the Accuracy of Respiratory Rate Estimation from the Electrocardiogram and Photoplethysmogram by Charlton, Peter et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
King’s Research Portal 
 
Document Version
Early version, also known as pre-print
Link to publication record in King's Research Portal
Citation for published version (APA):
Charlton, P., Bonnici, T., Clifton, D., Alastruey, J., Tarassenko, L., Beale, R., & Watkinson, P. (2014). The
Influence of Recording Equipment on the Accuracy of Respiratory Rate Estimation from the Electrocardiogram
and Photoplethysmogram. In MEC Annual Meeting and Bioengineering14 Programme and Abstracts. (pp. 96-
96). [116] London: MECbioeng14, Imperial College London.
Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.
General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.
•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.
Download date: 18. Feb. 2017
References  
[1] W. Karlen et al., “Multiparameter respiratory rate estimation from the 
photoplethysmogram”, IEEE Trans Biomed Eng., vol. 60, no. 7, pp. 1946–53, Jul. 
2013. 
[2] C. Orphanidou et al., “Data fusion for estimating respiratory rate from a single-
lead ECG”, Biomed Signal Process Control., vol. 8, pp. 98–105, Jan. 2013. 
The Influence of Recording Equipment on the 
Accuracy of Respiratory Rate Estimation from 
the Electrocardiogram or Pulse Oximeter 
P. Charlton12  and  T. Bonnici12,  D. Clifton3,  J. Alastruey1, 
 
L. Tarassenko3,  P.J. Watkinson4,  R. Beale12 
 
1King’s College London     2Guy’s and St Thomas’ NHS Foundation Trust     3University of Oxford     4Oxford Biomedical Research Centre 
Summary: ECG, PPG and reference RR signals were acquired from 
58 healthy adults. ECG and PPG signals were acquired simultaneously 
using: (i) laboratory equipment with minimal filtering, (ii) a routine clinical 
monitor, and (iii) a routine wearable pulse oximeter. There were no 
significant differences in the accuracy of RR estimates derived from the 
routine and laboratory equipment when using any of the five estimation 
methods applied to the ECG, and only when using one of the five 
methods applied to the PPG. In conclusion, using unfiltered signals may 
not change the accuracy of RR estimates significantly. 
The null hypothesis, that filtering had 
no impact on accuracy of RR 
estimates was accepted, when using 
all but two of the estimation methods 
(Table 1). In one of these instances 
the filtered signals provided more 
accurate estimates (blue), and in 
the other the unfiltered signals 
gave higher accuracy (red).  
The accuracy of RRs estimated 
from PPG and ECG signals 
differed minimally between 
minimally filtered and routinely 
filtered signals in this healthy 
cohort. We found no evidence to 
suggest that more accurate RR 
estimates could be obtained from 
unfiltered signals in this cohort. 
Patient monitors filter electrocardiogram (ECG) and pulse oximeter (PPG) signals prior to output. Would 
respiratory rate (RR) estimates derived from these signals be more accurate if unfiltered signals were used? 
Fig. 2: Respiratory Modulations Fig. 1: Diminished modulation after filtering 
PPG and ECG signals 
were band-pass filtered (6 
– 60 rpm). AM and FM 
signals were extracted as 
shown. BW was extracted 
by decimating the signals 
to 5 Hz using a low-pass 
filter below 50 rpm. Only 
high quality 30 s windows 
were used. 
Table 1: The median (quartiles) subject-specific RMSEs of RR estimates derived from ECG and PPG signals. RR was 
estimated in the time and frequency domains from the three respiratory modulations: AM, FM and BW (as shown in Fig. 2).  
Signal Acquisition: 42 young 
(18-40 years), and 16 elderly (≥ 
70) healthy volunteers took part. 
Minimally filtered PPG and ECG 
signals were acquired using 
laboratory equipment. Filtered 
signals were acquired from a 
tethered monitor. Filtered PPG 
was also acquired from a wireless 
monitor. Reference RR was 
obtained from oronasal airflow and 
chest impedance signals. 
 
RR Estimation: Breaths were 
detected from the respiratory 
modulations (Fig. 2) in the time-
domain using 3-point peak 
detection. In the frequency-
domain, the RR was identified as 
the frequency with the maximum 
FFT power within 6-40 bpm. 
  
Statistical Analysis: The null 
hypothesis, that the difference 
between RMSEs obtained using 
laboratory and routine equipment 
is zero, was tested using the 
paired, two-sided Wilcoxon signed 
rank test at 5% significance level. 
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RR is a sensitive sign of clinical deterioration. Current practice in most UK 
general hospital wards is to measure RR by manually counting chest 
movements over approximately 30 s. However, this has been shown to be 
inaccurate. RR can now be estimated automatically from the PPG [1] 
using  filtered signals from wireless sensors. RR can also be estimated 
from the ECG [2]. It may be possible to obtain more accurate RR 
estimates by analysing the signals prior to filtering (Fig. 1). 
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ECG and PPG signals provided 
by monitors: 
(i) are typically filtered to 
emphasise the cardiac 
component; and, 
(ii) may not be captured at high 
enough fidelity to observe 
respiratory modulations, 
particularly as these 
modulations diminish with 
age. 
This is part of a larger study to 
assess the influence of 
physiological and technical factors 
on the accuracy of algorithms for 
RR estimation from the ECG and 
PPG. 
Results Conclusions Future Work 
Introduction 
